Seamless care is the desirable continuity of care delivered to a patient in the healthcare system across the spectrum of caregivers and their environments. Medication Reconciliation is one component of seamless pharmaceutical care. A randomized controlled trial, carried out over nine months with a six-month followup period, investigated the impact of a pharmacist-directed seamless care service. Intervention patients admitted to one of two general medicine units were subjected to a comprehensive seamless care discharge process as they were discharged from a regional, academically affiliated hospital in Moncton, NB. The number, type and potential clinical impact of drug-therapy problems for seamless monitoring (DTPsm) and drug-therapy inconsistencies and omissions (DTIOs) in hospital discharge medications were measured. A total of 253 patients, with 134 patients in the intervention group and 119 in the control group, completed the study. An average of 3.59 DTPsm per intervention patient, with 72.1% of these being scored as having a significant or very significant clinical impact level, were communicated to community pharmacists. Ninety-nine DTIOs were identified and resolved in intervention patients before discharge. A retrospective medical chart review demonstrated that the intervention resolved almost all DTIOs. In conclusion, a pharmacist-directed seamless care service had a significant impact on drug-related clinical outcomes and processes of care.
INTRODUCTION
In recent years, the average hospital length-of-stay has been shortened and, consequently, patients are being discharged into the community setting and long-term care facilities with a higher level of acuity. Regrettably, in most healthcare models, an effective means of communicating patients' drug therapies upon discharge from the hospital to the community setting has not been established across the continuum of care. This is a critical omission, as during hospitalization drugs may be added or discontinued from a patient's drug regime or dosing may be altered. It has been documented that following hospitalization, up to 40% of medications used at admission are not continued at discharge and up to 45% of medications prescribed at discharge are medications first prescribed to the patient during their hospitalization (Beers et al. 1989) . To address deficiencies in these areas, cooperative systems are needed between settings (e.g., community and hospital care).
Although the exact terminology may vary, seamless care is a concept that has been widely viewed as being a fundamental component in the optimal delivery of healthcare services. In the profession of pharmacy, seamless care has been defined as "... the desirable continuity of care delivered to a patient in the health care system across the spectrum of caregivers and their environments. Pharmacy care is carried out without interrup- (Canadian Patient Safety Institute 2005) . "Medication reconciliation is a process which ensures the collection and communication of accurate client/patient medication information. The ultimate goal of medication reconciliation is to facilitate continuity of pharmaceutical care for patients/clients at admission/beginning of service and or at discharge/transition/end of service (Canadian Council on Health Services Accreditation 2005). Medication reconciliation involves clarifying medications a patient is taking (including non-prescription medications) and comparing actual medications taken with records (Institute for Healthcare Improvement 2004). Omissions and inconsistencies found through medication reconciliation will be communicated to necessary healthcare professionals and result in fewer medication errors. Incorporating medication reconciliation into hospital practice is a crucial step towards improving the safety of the medication-use system at transitions of care.
While seamless care, including medication reconciliation, is widely accepted in healthcare at a conceptual level, implementation still has yet to occur in a majority of hospitals to date. Fortunately, this is starting to change with the activity surrounding medication reconciliation (Bussieres 2004) . Still, at this time, there is little Canadian data to support the value of these services. The purpose of this study was to evaluate the impact of a pharmacist-directed seamless care service on drugrelated clinical outcomes and processes of care.
METHODS

Study Design
This study was a randomized controlled trial, carried out over nine months with a six-month follow-up period. The study was conducted at The Moncton Hospital, South-East Health Regional Health Authority, Moncton, NB. The Moncton Hospital is a 381-bed regional hospital that provides tertiary care services. Approval was granted by the hospital's research review committee prior to the start of the study.
Study Objectives
While the entire study measured the impact of this pharmacistdirected seamless care service on economic, clinical and humanistic outcomes and processes of care, this present paper focuses solely on drug-related clinical outcomes and processes of care. The randomized controlled study design was created to allow for comparison of the control and intervention groups on the economic and humanistic outcomes.
The specific study objectives were to determine: (1) frequency and potential clinical impact of drug-therapy problems for seamless monitoring (DTPsm) as identified by a seamless care pharmacist at the time of discharge and (2) frequency and potential clinical impact of drug therapy inconsistencies and omissions (DTIOs) in hospital discharge medication orders as identified by the seamless care pharmacist as part of the medication reconciliation process.
Study Population
Patients admitted to one of two family practice units from September 2000 to June 2001 were screened to participate in the study. The inclusion criteria were: family practice patient discharged from 3600 or 4200 (family practice patient units), discharged between 8h00 and 14h00, not discharged to another hospital, prescribed at least one prescription medication at discharge, completion of informed consent form, patient's community pharmacy had signed study participation agreement, and no previous enrollment in the study from a prior admission. Patients were excluded from the study if they were not able to answer the questions needed to complete the study (i.e., the surveys) or if they would not be available for followup after their discharge. Once consent was given and a patient was enrolled in the study, the patient was then randomized to the intervention or control group using computer generated random numbers produced by the hospital's Information Technology services. The physician and nursing staff were blinded to the patients' study group allocation to ensure that all patients received the same standard of care while hospitalized. The pharmacist was blinded to the allocation of the patients until the patient intervention at discharge took place.
Study Intervention
At the time of discharge, the patient care unit secretary contacted a designated pharmacy technician to determine if the patient was allocated to the intervention or control group.
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Patients in the intervention group were subject to an intervention conducted by a clinical pharmacist (hereafter referred to as the seamless care pharmacist) at the time of discharge, whereas patients in the control group received the hospital's standard of care at discharge. The standard of care at this facility is for a nurse on the unit to perform the discharge counselling and manually transcribe the discharge notes from the patient's medical chart.
Within the intervention group, the seamless care pharmacist carried out the medication reconciliation process by reviewing discharge prescriptions (as written by a physician) and compared these with the Medication Administration Record (MAR) and the patient's medical chart to identify any discrepancies in the discharge orders. This pharmacist also reviewed the intervention patient's drug regime at discharge as part of a comprehensive pharmaceutical care work-up. The pharmacist also identified problems with drug therapy and communicated these to the patient's community pharmacy, hospital staff and family physician(s). Additionally, the seamless care pharmacist performed the medication discharge counselling to all intervention patients and provided them with a medication compliance chart Drug-Therapy Problems for Seamless Monitoring (DTPsm) A drug-therapy (related) problem (DTP) can be defined as an event or circumstance involving drug treatment that actually or potentially interferes with the patient experiencing an optimum outcome of medical care (Hepler and Strand 1990) . The DTPs were classified into one of the categories previously established by Strand and colleagues . A research assistant entered all intervention patients' information into the Seamless Solutions Software® (Version 1.1, Seamless Solutions Corp., Winnipeg, Canada), and the data entry was verified by the seamless care pharmacist. Using the software, the pharmacist generated a list of the DTPs for each patient. To facilitate the community pharmacist in monitoring the patient's progress, each DTP was individually supplemented with additional relevant information such as laboratory findings, diagnosis and general patient notes. This provided the community pharmacist with a more complete picture of the patient's drug therapy and medical conditions. With this additional information provided to the community pharmacist for follow-up, the DTP was termed a Drug Therapy Problem for Seamless Monitoring (DTPsm) to better reflect its true composition. The complete list of DTPsm was generated for each patient and faxed to their community pharmacist and copied to the family physician at the time of discharge.
All of the DTPsm were scored for their potential clinical impact according to the Intervention Ranking system (Hatoum et al. 1988 ). Other researchers have used this scale to evaluate the clinical impact of pharmacists' interventions (Wernick et al. 1996) . The Intervention Ranking system has six categories to rank the potential impact of the pharmacist's intervention. The scale is Likert-type and ranges from 1 (adverse significance) to 6 (extremely significant). The seamless care pharmacist and a second clinical pharmacist independently ranked the DTPsm -the former at the time of discharge and the latter after the patient was discharged. Consensus was reached through discussion when any difference in assignment arose.
Drug-Therapy Inconsistencies and Omissions (DTIOs) at the Time of Discharge
The seamless care pharmacist also carried out a medication reconciliation process by reviewing the intervention patient's discharge medication list as prepared by the physician and/or hardcopies of discharge prescriptions and comparing these with the hospital's computerized MAR for the day of discharge, and progress and consultation notes. Variations between the discharge medication list and the MAR and patient's medical chart were identified and recorded as either a drug-therapy inconsistency or omission. An inconsistency was defined as an alteration in a drug order component occurring between the MAR and discharge medication list. An omission was defined as a deletion of a drug order component occurring between the MAR and the discharge medication list. All variations were further classified into sub-groupings according to the nature of the variation. The sub-groupings are: dose, drug, duration, frequency, and legal. These sub-groupings were chosen based on a previous pilot project (Breau and Nickerson 1998) . All DTIOs were completely resolved by the seamless care pharmacist in consultation with the patient's discharge physician before the patient left the hospital. The physician's opinion was considered the gold standard by which it was determined whether a DTIO had actually occurred. Any communication between the seamless care pharmacist and the patient's discharge physician was documented on the patient's medical chart. Each DTIO was also ranked for its potential clinical impact with the same methods (or tool) used for DTPsm.
DTIOs in Intervention and Control Patients -Retrospective Chart Review
The seamless care pharmacist performed a retrospective review of the control patients' (n=119) hospital discharge medication lists and hospital medical charts. The purpose of reviewing the control patients' files retrospectively was to determine their rates of DTIOs and to compare this with the rate in the intervention group. This was done retrospectively as it was viewed that a prospective identification of DTIOs in the control patients that would not be resolved would be unethical. In the retrospective review, the discharge medication list was compared with the patient's medical chart and the MAR at the time of discharge.
Discrepancies between the chart/MAR and the discharge medication list were identified and recorded as either an inconsistency or an omission. DTIOs for this review were also defined in the same manner as for the prospective identification of DTIOs.
A second clinical pharmacist performed a retrospective chart review of the intervention patients. This was done to serve as a validity check that the seamless care pharmacist had properly resolved the DTIOs that were identified and that no DTIOs were missed during the study intervention phase. This process was performed in the same manner as the retrospective chart review of the control patients described above. Since this was a very timeintensive process, it was felt that every sixth chart would be reviewed (n=28), and if many problems were identified with the seamless care pharmacist's interventions, then all the remaining charts would be reviewed.
Statistical Analysis
The intervention patients' drug-related information was entered into Seamless Solutions Software®. All additional data for both the intervention and control patients were compiled in a spreadsheet using Microsoft Windows Excel 2000 (Microsoft Corporation, Redmond, WA). Data analysis was performed using SPSS Version 9.0 (SPSS Inc., Chicago, IL) and JMP Version 4.0 (SAS Institute Inc., Cary, NC). To determine statistical significance, statistical evaluation was performed with mean variables and chi-square tests. A p value of less than 0.05 was considered significant.
RESULTS
Over the nine-month enrollment period, 944 patients were screened for the study, with a total of 253 patients meeting the inclusion criteria and completing the study. One hundred thirtyfour patients were randomized to the intervention group and 119 to the control group. The demographic characteristics of the two groups are contained in Table 1 . Even though the two groups were randomized, the intervention group had a statistically significant greater number of home medication changes, and their mean age, number of medications upon admission and number of co-morbidi- Total Number Of Patients 20 6 1 7 Table 5 .
Types of DTIOs Identified and Resolved at the Time of Discharge in Intervention Patients
*Example: A patient was receiving metoprolol 100 mg once daily in hospital, but the discharge prescription is for atenolol 100 mg once daily. †Example: A patient was receiving hydrochlorothiazide 25 mg once daily in hospital, but the discharge medication list reads hydrochlorothiazide 12.5 mg once daily. ‡Example: Rofecoxib 25 mg was dosed once daily on MAR, but the discharge medication list indicated twice daily dosing of the same strength. §Example: The physician orders amoxicillin for 10 days, but the discharge prescription is only for seven days. "Example: A hypertensive patient with fluid retention is receiving continuing therapy with furosemide, but the discharge medication list does not contain a prescription for it. ¶Example: A patient's discharge prescription reads omeprazole once daily, but does not indicate its strength. **Example: A patient's discharge prescription reads ibuprofen 400 mg, but does not include any instructions on how or when to take the medication. ‡ ‡Example: The doctor's signature may be missing, a part of a patient's name or any other component of a prescription that would render it invalid in the province of filling.
only 1 of the 28 (3.6%) randomly selected medical charts of the intervention patients was found to still contain an unresolved DTIO (Table 7) . Therefore, further charts were not reviewed, as it appeared the seamless care pharmacist resolved almost all of the DTIOs.
DISCUSSION
By having a pharmacist accept responsibility to facilitate the continuity of pharmaceutical care for patients at hospital discharge, an improvement in the medication-use system was identified and the potential for preventable drug-related morbidities was decreased. In evaluating the results of a pharmacist-directed seamless care service, the pharmacist played a valuable role at the time of discharge in identifying potential and actual DTPsm and resolving DTIOs in hospital discharge medications.
The seamless care pharmacist was able to identify an average of 3.59 DTPsm per intervention patient at discharge. These were either resolved or they were potential drug-therapy problems that were communicated to the community pharmacist for follow-up. These numbers allude to the complexity of in-patient medicationuse systems and the need for ongoing monitoring of patients post-discharge by their community pharmacist. Hepler and Strand have emphasized that identifying and resolving drug-therapy problems and ongoing monitoring is an integral part of providing pharmaceutical care (Hepler and Strand 1990) . As patients move between sites of care, it may become more difficult to monitor the drugtherapy problems identified at the time of discharge and perform proper follow-up procedures. Communicating the patient's DRPs between sites of care, as was done in this study, allows all members of the patient's healthcare team to continually monitor patient progress, modify drug regimes as necessary and perform followup consultations, thereby preventing future drug-related morbidities. In our case, the community pharmacists were further aided by the additional information contained in the DTPsm such as laboratory findings, diagnostic information and by having access to the intended medication regime at discharge. The current standard of care does not allow the community pharmacist access to this information. By providing the community pharmacist with this information, they have a more complete clinical picture and are positioned to uncover future potential drug-therapy problems. Discrepancies between the prescriptions written at discharge and the patient's hospital medications are cause for concern. The retrospective medical chart reviews revealed that 67/119 (56.3%) of the control patients were discharged from the hospital with an inconsistency or omission in the printed medication discharge list, and that the seamless care pharmacist resolved virtually all DTIOs in the intervention patients. The number of discrepancies identified in this study is larger than results reported in previous studies. A 60-day pilot study determined that 5.8% of study patients' discharge prescriptions contained an error, as identified by a clinical pharmacist (Schumock et al. 1994 ). Wernick and colleagues (1996) conducted a six-week study which evaluated the frequency and types of variances that occurred in patients' discharge prescriptions. Their study reported that 11.9% of the participating patients' discharge prescriptions contained a variance that required an intervention, and, using the same Intervention Ranking system (Hatoum et al. 1988) , 48.6% of pharmacist interventions were categorized as significant (Wernick et al. 1996) . As discussed by others (Schumock et al. 1994; Wernick et al. 1996) , comparing rates of prescription discrepancies between studies can be difficult when each study does not use the same definition of discrepancy and the same identification methods. Although the discrepancies identified in this paper are similar in nature to those identified in the previously mentioned studies, they are not classified in exactly the same manner.
Several barriers will have to be overcome to establish pharmacist-directed seamless care services as a standard of care that patients can expect to receive when they are discharged from a hospital. A service such as this requires significant human and financial resources from the hospital pharmacy department. This can be difficult to justify, given that the benefits of these programs occur outside the walls of the hospital. These programs will require additional resources in community pharmacies as well. In order for community pharmacists to optimally incorporate the information provided by their hospital colleagues in their practices, they will need to allocate time to perform comprehensive pharmaceutical care work-ups and on-going monitoring. The financial incentives for community pharmacists to participate in these programs are few. Still, despite these barriers, all pharmacists should strive to provide this level of seamless care. A motivation for hospital pharmacists is that the 2005 CCHSA patient safety goals require a hospital to incorporate medication reconciliation in their processes of care. While the inclusion of medication reconciliation into these goals is to be commended, it is clear from the results of this present study that a comprehensive seamless pharmaceutical care program -not solely medication reconciliation -is required to fully optimize the patient's medication regime. Almost five times as many DTPsm were identified and resolved through the pharmacist-directed seamless care service as the number of DTIOs identified and resolved through the medication reconciliation process at the time of discharge.
There are some limitations of this study that need to be considered. The seamless care intervention was carried out by one clinical pharmacist at one hospital site. A multi-pharmacist and multi-centre study would have been preferable to increase the generalizability of the results. This seamless care service only occurred in one direction -from the hospital to the community. In the future, other seamless care evaluations that bridge the gap in the opposite direction should be conducted. An additional limitation is the number of intervention patient medical charts reviewed in the retrospective chart review. As mentioned previously, every sixth intervention patient medical chart was reviewed as opposed to all charts. This was done to "spot-check" the seamless care pharmacist's work to ensure that all DTIOs were actually identified and resolved. In the 28 charts reviewed, only one inconsistency and no omissions were identified; thus, the researchers felt justified in reviewing only a portion of the intervention charts, as the rate of error for the seamless care pharmacist was so low -1/28. Reviewing the medical charts for all intervention patients would have given a more complete picture but was not feasible due to pharmacist staff shortages at the Moncton Hospital.
CONCLUSION
The interventions performed as part of this pharmacist-directed seamless care service identified and resolved an average of 3.5 DTPsm per patient, and eliminated almost all discrepancies related to DTIOs. Overall, the majority of the issues identified by the seamless care pharmacist were viewed as being significant. This study identified the need to enhance the safety of the medication-use systems and care processes in hospitals that have not established pharmacist-directed seamless care services.
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